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(d) optimal tompciature: about 40 'C; (e) tempeiature stability: at pH 7 for I hour, the protease is scarcely inactivated at a temperature 
up to 30 *C but it U inactivated at 40 *C as mudi » about 40 % and completely inactivaled at 50 *C in about 10 minutes; (0 enzyme 
activity: the protease has about 50 % or moi« of its maxhnum activity at 20 *Q 4) ^ *ctlve center of ttie enzyme is serine; and (h) the 
molecular weight of the protease is about 70 kDa as measored by SDS-PAGB. 
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COLD- ACTIVE PROTEASE CP70 

BACKGROUND OF THE INVENTTQN 
Ci) Field of the Tnygntion 

The present invention relates to a protease having a high activity at a low 
temperature and its utilization. 

Cu) Descrintion of the Related Art 

Psychrophilic bacteria have been known for a long time, and their existence can be 
confirmed extensivety in low temporature circumstances. For exanq>Ie» psychrophilic 
bacteria can be isolated from soils, fishery products, milk productt as well as artificial 
low ten^erature drcumstances. Researdies on psycfarophilie bacteria have been 
conducted in accordance with food microbiological requirements, but they have 
prindpalty been confined to those with respect to the phytogeny of nucroorganisms. 

Enzymes obtained fiom psychrophilic bacteria are expected to be cold-active 
enaiymes having an optimal temperature in a low temperature range. The cold-active 
ena^me which acts efficiently at the tow temperature is considered to be capabto of 
being incorporated into, fix* example; a detergent which can be used even in water at 
the tow ten4>erature. It is also considered to be employed fiir a cfaemical reaction in 
the presence of an organic solvent which is volatile at ordinary temperature and for the 
quality improvement of foods at the tow temperature at which the foods do not rot 
Furthermore, the investigatton on the enzyme derived from the psychrophilic bacteria 
is Bmfy interesting to reveal the pfayriological functions and the adaptation mechanism 
to the low temperature of the psychrophilic bacteria. 

SUMMARY OF THE INVENTION 

The present inventors have now found that a protease can be isolated from the 
supernatant liquid of a cuhure medium of a Flavobacterium bahistimim P104 strain and 
then purified, and that the isolated and purified protease has activi^ at a tow 
temperstune. The present invention is baaed on such knowledge. 

Therefore, an object of the present inveatton is to provide a cold-active protease. 

Another object of the present invention is to provide a method for preparing the 
above-menttoned cold-acthre protease by the use of a Flavobacter ium bahistimim P 1 04 
strain. 

Still another olqect of the present invention is to provide a peptide comprising an 
amino add sequence present at theN tenninal of the cold-active protease. 

The protease according to the present invention has a part or all of the fonowir^ 
physicochemical prop erties. 
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• Specific activity and substrat specificity: The protease acts on r><^?gin, gelatin, 
hemoglobin and albumin to spedfically deconq>ose them in the order of casein, gelatin, 
hemoglobin and albumixL 

- Optimal pH: S.O 

5 - pH stability: The protease is stable in the range of pH 6.5 to pH 10.0 at 30''C for 

1 hour. 

The protease according to the present invention further has a part or all of the 
following pfaysicodiemical properties. 

- Optimal temperature: About 40^C 

10 - Temperature stabiB^ At pH 7 for 1 hour, the protease is scarcely inactivated at 

a tenq)erature up to 30^ but it is inactivated at Aff^C as much as about 40% and 
completely inactivated at 50°C in about 10 minutes. 

- Enzyme acti^ty: The protease iias about 50% or more of its maximum activity at 

15 -The active center ofthe enzyme is serine. 

- The molecular wdf^ of the protease is about 70 kDa as measured by SDS- 
PAGE. 

Furthermore^ the protease according to tfie present invendon conasts of a protein 
containing a part or all of an amino add sequence described in SEQ ID N0:1, or a 
20 protexn containing a part or all of an amino add sequence described in SEQ ID NO:l 
at its N terminaL 

According to another aspect of the present invention, we provide a protease havipg 
about 50% or inore of its maximum acti^ty at 20*C. 

According to still other aq>ects of the present invention, we provide a protease 
2S which consists of a protein containing a part or all of an amino add sequence described 
in SEQ ID NO:l, and a protease which consists of a protein containing a part or all of 
an armno add sequence described in SEQ ID NO: 1 at its N terminaL 

A metluxl for prcpmng the above-stieDtioiied protease according to the present 
invention comprises the steps of culturing Plavobacterium bahistimipi PI 04 (PERM 
30 BP*5006) ferprodudng the protease and thea collecting the protease from its culture 
medium. 

BRIEF PESCRPTION QF THE DRAWINGS 
Fig. 1 is a drawing Shistnting tliA resuha of the purification of an ena^me 
according to the present invention. 
35 Fig. 2 is a drawing illustrating a cafibration curve for measuring the molecular 

wdght of the enzyme according to the present mventioit 
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Fig. 3 is a drawing iUustrating th eflfect of pH on an enzyme reaction of the 
enryme according to the present invention. Each black dide represents the enzyme 
according to the present invention at pH 7. each black triangle represents the enzyme 
accordmg to the present invention at pH 1 0, and each white square represents Savinase 
atpH7. 

Fig. 4 is a drawing iUustrating the pH stability of the enzyme according to the 
present invention. Each black circle represents a measuied vahie at 10^. each black 
triangle represents a measured value at 20^. each Mack square repnaents a measu^ 
vahie at 30«C, each white circle represents a measured vahie at 4(y>C. each white 
tnan^ represents a measured vahie at 50^ and each white square represents a 
measured value at 60°C. 

Fig. 5 is a dr«wii« ilhistnrtiiig the eflSx* of temperature on the enzyme r^ 
the enzyme according to the present inv en tion. 

Fig. 6 is a drawing iUustrating the tempewtiire stability <rfthe enzyme ac^ 
the present invention. 

DETAn.Fn nPSruTPTrnM ni? TOR TKVPMTyf ^i^ 
Chaiaeteristiea ^ enzvma 

The Characteristics of an wzytae according to the present invention are as foUows. 

(1) Specific acti\dty and substrate spedfid^ 

The enzyme acconiing to the present invention actt on casein, gelatin, hemoglobin 
and albumin to spedficaUy decompose them. Tlie substrate spedfid^ of the enzyme 
decreases m the order of casdn, gdatin, hemo^Wn sad albumm. 

(2) Optimal fdl 

The optimal pH of the enzyme accon&ng to the present invention is 8 0 
Furthermore, the enzyme retains about 90% or more of a maximum activity in the 
range of pH 6.5 to pH 9.5, 

(3) pH stability 

TlM enzyme acoordiqg to the present ittventton is stable at 30<t: for 1 hour in the 
raqge of pH 6.5 to pH 10.0. 

(4) Op6mal tenq)erKture 

The optimal tenqjerature of the ensyme according to die present invention is 40^ 
at pH 10 and pH 7. At a temperature of 30«»C, the enzyme retains about 80% of the 
maximum activity at pH 10 and about 90% of the maximum activity at pH 7. At a 
temperatureof50«C. the enzyme retains about 10% of die maximum activity at pH 10 
and about 80% of the maximum activity at pH7. 

With regard to savinase which is a commerdally avaUaUe enzyme^ its optimal 
temperature Is 60»C. In addhion. widi regard to most of known psychrophUie 
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enzymes, thdr optimal temperatures are about AO^C Therrfnri. tu^ ^ 
(5) Temperature stability 

At pH 7 for I hour, the enzyme accotxiine to *h<. ^..^.^ • 
40% «ul compU^efy i„activ„ed « 50-C in dK^tl^^ 

(6) Enzyme activity P»ychroplul«; enzyme. 

ITie enzyme according to the present invention has about 50% or mn™ 
9 maximum activity at 20-C. «»« or more of us 

In consequence, according to another aspect of the Br«««* 

(7) Inhibition of activity 

The protease activity of the enzyme aeconSng to the msent • 

^rr^^l^'^ 1,10-phcnanthrolinc but it U notably inhibited t 
^-Mme^^uffi,,^ fl«,ride (PMSIO «d ethyl«aedi«m„etetnu«Jc «dd 

In v«w of this fiu«, it can be ..ggested that the en^ He^^ 
niven^^ . serine prote^ the active center ofr^a^^ 

the present invention can be considered to be serine. "^ynie acconung to 

(8) Molecular wdgfat 

11« enzyme «xo«ling to the present imremion ha. a molecular weight of about 70 
kDa as measured by SDS-PACEE. ««« or toout 70 

(9) Amino add sequence stNtenninal 

Tte amino «^ sequence at the N tenainal of the en,^ acco^ 
™.«d^^SEQIDNO:l. ^h regan, to the .IHSlquZ 
Ntenn^ '21"^^'^ to the present im^^on. it. homology ^ e^ 

Ent«z » . ««ilt. it wa. appanm, that the «ni„o add aequeoce at the N 
tennmal had no homology ^ any amino add muenoe. of tlTi™! 
Accordrngly, the protease according to the present ^^^^.^f a'!^ 
containing « l«t or a. of an amino add sequence desctibedT ^^TTi 

Junhmoor^ according to still other aspect, of the pre«« invention. ^ provide a 
prot<«se consutmg of a protdn cont«ni,« a part or an of «! «nino 
described m SEQ ID NO:l. a«i a protease coasistiiv of a protdn contd^ 
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all of an amino add sequence described in SEQ ID NO:l at its N temunaL Tliis 
protease may have such characteristics as described in the above-mentioiied (1) to (8). 
Here, "the protein containing a part or all of an amino add sequence described in 

SEQ ID NO:I- indudes a protdn in whidi an optional amino add sequence is added 
to an N temiinal and/or a C tenntnal of a pait or all of the amino add sequence 

described in SEQ ID NO:l. 

Ereparation mtithnd nf prnt^^f. 

A protease according to the present invention can be produced by the use of 
microoiBarisms. Tlie prbduction microorganisms bdong to a Haaba^ 
and any nncrooisanisms are usable^ so fiu- as they have an ability for producing the 
protease. 

A preferable example of the ndcrooiganisms haviqg the abiGty for producing the 
protease according to the present invention is a Flavnh««f>^^ VfiMmm PI04 
strain. This strain is microorganisms separated from die intestine of sahnon by the 
present inventors, and they are deposited in Agency of Industrial Sdence and 
Technotogy, Blotedinology Researeh Institute under Deposition No. PERM BP.5006 
onFdjniaiy 17, 1995. 

In culturing the stram which can be used in the present invention, a culture m« 
may be Uquid or solid, but' a shake cdture or an aeration spinner culture using a liquid 
culture medium is usually used. 

As the culture medhim fijr culturing the microoiganisms therein, any medium is 
usably so fir as it can produce the protease. That Is to say, as a carbon source, there 
can be used, for example, ghicose; trehalose; fructose; maltose, sucrose; starefa and 
malt oUgo-saccharide. As a nitrogen source, there can be used, for example; peptone, 
yeast extract, malt extract, meat extract, soybean powder, cotton seed powder, cone 
steep liquor, various amino adds and didr salts, and nitrates. A synthetic medium or a 

natural medrnm whidi can be used in the present invention suitably contains the above- 
mentioned carbon aouroe and nitrogen source; inorganic salts sudi as ««^s n^,^ 

phosphate, caldum. sodhn^ potassfami, iron and manganese as wdl as other nutrients; 
asneeded. 

Culturing conditioos such as the pH and the cuhure temperature of the culture 
metSum can be suitably altered, so &r as they permit the production of *e protease; 

but in the case of the shake culture or the aeration spinner culture, it is prefened that 
the pH is about neutral and the culture temperature is from 10^ to 20^. 

The protease of the present invention is present in cell walls of bacteria, cdls of the 

bacteria and the supernatant of a culture medium, and U may be used in any fonn such 
as bacterial cells, a erode enzyme obtained from the bacterial ceQs or the supernatant 
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of the culture medhun, or an extracted and purified enzyme. Alternativdy, the 
protease inunoUIized by a known method can also be used. 

In order to coQect and purify the protease of the present invention firom the cuttuze 
medhim, known purification methods can be utilized singly or in combination thereof 
5 Since the protease according to the present invention is mainly excreted 

cxtraccUulariy, namely into the culture medium, a crude enzyme solution can ea^iy be 
obtained by removing the bacterial cdla wth the aid of fihraticMi or centrifiUgalioa 
This crude enzyme can be fiirther purified by a known purification mediod. 'Pya mp l^ 
of the known prefisrable purification mediod include a salting-out method MM^g a salt 
10 sudi as ammonium sulfid:^ a precipitation method uang an organic solvent (e.g., 
methanol, ethanol or acetone), an adsorption method using raw starch, an 
ultrafiltration method, and various chroic: .tognpiical methods such as gel filtntion 
chromatography and ion exchange chroinatogn4)hy. Typical embodiments of the 
preferable purification methods "mil be described in the undermentioned examples. 
15 Utilization of enzyme 

The psychrophilic protease according to the present invention has an optimal 
tenqierature in a low t e n ip en tfu re raqge. Ttm^ the psycfarophiEc protease of the 
present invention pemnts the decomposition reaction of a protein to be carried out m 
low temperature environments. For loamplc, a detergent utilizable even in low 
20 temperature water can be pr e pa red by adding the protease according to the present 
invention to a detergent conqioation €or dothes. This detergent compoation can be 
prepared in accordance vAUk a coaventional method except tiiat the p^yciirophilie 
protease according to the present mvention is added. That is to say, the detergent can 
be formed by blending the protease of the present invention with ordmary detei^ent 
26 components such as a suffice active agent tar the detergent, a bleach, a builder and the 
like. 

Furthermore, the psychrophilic protease according to the present invention enables 
the reaction to proceed at a low tempentuie. Therefcre, even if an organic solveot 
^nMch is volatile at ordinary temperature is present in the reaction system, the reaction 

30 can be carried out at a low ten^erature at wfaidi the organic solvent componeat is not 
volatilized. Moreover, when it is attempted to improve the quality of a food by the use 
of the protease aoconfing to the present invention, the reaction proceeds 
advantageously at a low temperature, whereby the food can be effectively prevented 
fiom rotting. In addition, since tiie protease according to the present invention is 

35 provided, it can be expected to advance the elucidation of the physiologtcal mechanism 
of psychrophilic bacteria and tiieir application mechaxusm to a low ten^Mrature. 
Protein haviny amino add sequence at K terminal 
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According to another aspect of the present inventioii. we provide a peptide 
consisting of a part or all of an amino add sequence described in SEQ ID NO:l, a 
protein comprising a part or all of an amino add sequence described in SEQ ID NO:l, 
and a protein comprising a part or all of an anuno add sequence described in SEQ ID 
NO: 1 at its N terminal. This protein may have a protease activity. 

This peptide or protein consists of a part or aD of an amino add sequence present 
at the N terminal of the enzyme according to the present invention, or comprises a part 
or aU of the amino add sequence (preferably at the NtecminaO Therefore, the above- 
mentioned peptide or protein is useEul as an antigen in formiag an antibody to the 
enzyvac according to the present invention. 

The present invention wiH be described in more detail with reference to exanq3les, 
but the scope of the present invention should not be limited to these examples. 

Test Procedui^jt 

The quantitative analysis of a protein was carried out by the protein staining 
method using Bio-Rad protein assay (Bio-Rad Co., LtdX 

Furthermore, the detection of a protdn by chromatography was carried out by 
measuring the absorption of an ultraviolet portion at 280 nm. 

The activity of a protease was measured by the foOowiiig method (a) or (b). 

(a) Decomposition activity of protein with azocasdn 

0.05 ml of a sanq>le enzyme sohttion was added to 0.3 ml of a 67 niM phosphate 
buffer solution (pH 7) conuiniqg 1% (W/V) azocasdn. and the mixture was then kept 
at 30*C for 30 mumtes. Afterward, the reaction was teaninated wth 1 ml of a 6K 
trichloroacetic acid solution. After allowed to stand at room temperature for about 15 
minutes, the reaction sohition was centrifiiged (15,000 rpm, room temperature, 10 
minutes)* The absorbency of the resultant supernatant liquid at 340 nm was measured 
by the use of a spectrophotometer. One AU was defined as the inaease of 1.0 per 30 
minutes in absoibance under the described conditions. 

(b) Phenol reagent method 

20 )il of a sample enzyme sohition was added to 130 |d of a 100 mM glydne- 
sodium chloride buflOsr sohition 0>H 10) containing a 1% (WAO substrate solution, and 
the mature was kq>t at 30*C for 1 hour. Afterward, the reaction was terminated by 
adding ISO )d of a trichloroacetic add solution (0.11 M tricUoroacedc add, 0.22 M 
sodhun acetate and 0.33 M acetic add). After allowed to stand at room temperature 
for 30 minutes, the reaction solution was centrifiiged (10,000 rpm, room temperature. 
10 minutes), and 500 ^1 of a 0.5 M sodium carbonate solution and 100 |il of a phenol 
sohition twice dihited with distilled water were added to 100 |il of the resultant 
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supematant liquid. After the solution was allowed to stand at room tempenture f r 1 
hour, the absorbency of the solution at 660 nm was measured. 

Example 1 (Purification of protease derived from a Flavobacterium balustimim 
P104 strain) 
5 (1) Culture of a bacterial Strain 

In order to stabilize the growth activity of bacteria, a bacterial strain was 
inoculated into 150 ml of the undermentioned culture medium (which was separately 
poured into six 100-ml Erienmeyer flasks), and rotary shaking culture was then carried 
out at 10*^ for 48 hours at 140 rpm by the use of a triple shaker NRrSO (Tietec Co., 
10 Ltd,). As a main culture, ISO mi of the pro-culture medium was inoculated into 3 liters 
of the undermentioned culture medium, and rotary culture was then carried out at 
10^ for 75 hours at 140 rpm by the use of a laboratory fennenter LS-S (Oriental 
Yeast Co., Ltd). 

Culturp mrfimn 
15 Potypeptone 3 g/1 

Yeast extract 2.S g/1 

Sodhmi casein 2.5 gfl 

Na2HP04.12H20 3 g/1 

MgS04_7E^O 0.2 g/1 

20 (pH7.0) 

The culture medium and the like were steriltyfid with high-pressure vapor for 15 
minutes under IJl kgfTcm? (gauge pressure) (121^ by an autoclave. 

(2) Purification ofenqme by the present invention 

Every protease was purified at 4''C. 
25 (a) Ion exdiax^e chromatography 

The culture medium obtained in the above-mentioned (1) was clarified by 
ceotrifiigation (7,200xgp 4**C, 30 minutes). The resultant supematant liquid was 
solgected to ion exchange chromatography as a crude en^rme solution. As a column, 
there was used an INdEX 100 cohmm (Pannada Biotec Co., Ltd.) filled with 2 liters 
30 ofaDEAE SqihalosefiiSt flow anion exdiangerCParmada Biotec Co., L^ A 20 
mMtris buffer solution (pH 7.0) was introduced into the above-mentioned column at a 
linear vdocily of 150 cm/hr to equilibrate the column five times or more (10 liters) as 
much as a gel vcdume. 

The crude cn^mie solution was introduced into the column at a linear vdocity of 
35 100 cm/hr. Elution was carried out at a linear velocity of 100 cm/hr by the use of the 
tris bufier sohitions (pH 7.0) containing 0.2 0.4 M and 0.6 M NaCI, respectively, 
and only portions in which a protein was detected by a UV meter were firactionated. 
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(b) Ultrafihratioii 

Hie fiactions obtained above were treated by a new model stirring type cell 8400 
(Amicon Co., Ltd.) to which a Diaflo Membrane PM30 (ixduch can fiacdonate a 
substance having a molecular weigfai of 30,000 or more) (Amicon Co., Ltd.) was set, 
5 vdiereby proteins having a molecular weight of 30,000 or more were concentrated. 

(c) Salting out with ammomum sul&te 

Ammonium sul&te was added to the thus concentrated solution under ice cooling 
so that the solution might be saturated as much as 50% with ammonium sul&te. After 
slow stixring at O^C fiir 4 hours, the solution was sedimented by centrifiigation 
10 (27,000xg, 4''C, 20 nunutes) to obtain a 0 to 50% satu r a te d fractioa The amount of 
added ammonmm sul&te was an amount necessary to achieve a saturated 
concentration at 25**C. 

(d) GeI£atration 

Next, gel filtration was carried out through a HiLoad 16/60 Superdex 200 prep 
15 grade cohimn (Pannada Biotec Co., Ltd.). As a de^ce, there was used HiLoad 
System 50 OE^annada Biotec Co., Ltd.). 

A Bis->tris buffir solution (pH 7) was caused to flow throu^ the HiLoad 16/60 
Superdex 200 prep grade column at a Cnear vdodty of about 60 cm/hr to equilibrate 
the cohmm, the amount of the Bis-tris buffer solution bong three times or more (400 
20 ml) as much as the gd vohime. Afierward, 5 ml of the sanq)le enzyme sohition which 
had been subjected to the sahing out with ammonhim sul&te was introduced into the 
column by the use of a Superioop. Then, eiution was carried out at a linear velocity of 
60 cm/hr by the use of die Bis-tris buffer solution (pH 7) as an duent to collect 
fiactions every 5 mL 

25 (e) Next, a HiLoadl6/10 Q Sepharose HP column was used to cany out ion 

exchange chromatogmpfay. 20 nd^ Bts-tris bufifer solution (pH 7) was introduced into 
the column at a linear vdodty of about 150 cm/hr to equlEbrate the cohmm S times or 
more (100 ml) as mudi as the gel votume. 

The senile enzyme solution of the protease activity fiaction duted by the gd 

30 filtration introduced into the colunm at a linear vdodty of 90 cm^ by the use of 
the Superioop. Next, dution was carried out at a linear vdodty of 90 cm/hr widi 150 
ml of the Bis-tris buffer solution (pH 7) containing IM NaCl in accordance with a 
linear ion strength increasing gradient (0 to 1 to collect fiacdons every 5 mL 
The results of the above-mentioned purification are shown in Table 1. 
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Table 1 

(Results of Purification of Protease) 





Amount 
(ml) 


Protein 
(m«) 


En^one Activity 
fAU^ 


Culture Medium 


1930 


67.8 




DEAE Sepharose 


1850 


43,0 


257 


Ultrafiltratton 


257 


4.98 


59.0 


Salting out vAlh 


4 


4.93 


17.1 


Ammonium Sulfide 








Gel Filtration 


16 


0.374 


9.53 


(Superdex 200pg) 








O Sepharose 


10 


0.299 


6.55 



5 





Specific Activity 
(xl03AU_mg-») 


Recovery 
Rate 

(%) 


Purification 
Degree 

(times) 


Culture Medium 


4.06 


100 


1 


DEAE Spharose 


3.22 


48.5 


0.794 


mtrafiltFBtion 


46.1 


ll.l 


11.4 


Salting out with 
Ammofiiuin SulfiUe 


870 


3 


215 


Gd Filtration 


593 


2 


393 


Q Sepharose 


2192 


1 


540 



SUBSimnESHST (RULE 26) 
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Example 3 (Measurement of purity and molecular wei^ of purified enzyme 
according to the present invention) 

The purity and the molecular wdght of the purified enzyme according to the 
present invention were measured by the use of sodium dodecylsul&te-polyaciyiamide 
5 gel electrophoresis (SDS-PAGE). 

A 10% polyaayiamide gd having a ducknesa of 1 mm was used as a support. 
Electrophoresis was carried out by appiying 20 mA of an dectric current to the gd 
until Bromophenol Blue (BPB) reached a lower end. The gd plate was stained with an 
aqueous 30% methanol-10% acetic add solution containing 0.02% of Coomassie 
10 Brilliant Blue R2S0 for 1 hour, and then decolored iwth a decolorant (a sohition of 
30% of methanol and 10% of ac^c add) ovemiglit. 

The results arid the calibration curve oftheSDS-PAGE are shown in ings 1 and 2, - 
rc^cctivdy. 

Example 4 fEflfect of dH on enzyme reaction) 
15 Azocasdn was decomposed vfiOx the eniyme of the present invention at various pH 
values. BufiTer solutions far a reaction sohition had each a conoentiation of 100 mM 
and th^ were a sodmm acetate^acetic add bufEer sohidon (siR 4.0 - 5.SX MES (2- 
niorpbolinoethanesulfonic add monohydrate) bufibr sohition (pH 5.5 - 6.5X MOPS (3- 
morpholinopropanesulfonic add) bu£Gsr sohition (pH 6.5 - 8.0), TAPS (N- 
20 tris(hydro3Qrmeth^)niethyiO-amiiiopropax)esulfonic add) buffer sohition (pH 8.0 - 
9.0), CHES (N*cydohe3Qi-2-ammoethanesul£bnic add) haSEet solution (pH 9.0 - 
10.0), CAPS (N>cydohexyI-3-anunopropanesulfi>nic ad<0 buffisr sohition (pH 10.0 - 
11.0) and glydne-sodium chloride-sodium hydroxide buffisr aohition (pH 11.0 - 13.0). 
The results are shown in Hg. 3. 
25 The rdative activity of the enzyme at pH 8.0 ^ch was an optimal pH was 

maintained as much as about 90% or more ui the range of pH 6.5 to pH 9.5. Thus, it 
is apparent that the enzyme of the present invention acts ia a considerably wide range 
where a neutral pH is a center. However, the enayme <&d not act sufficiently m an 
addic pH range of pH 5.0 or less and an alkalhie pH nu^ of pH 11.0 or more, and 
30 the protease was ma^vated at pH 13.0. 

BxMtiple S (pH stability of enzyme according to ^ present invention) 
The eo^me according to the present invention was maintained in each of the above- 
mentioned buffer sohitions at 30^C for 1 hour, and the remahung protease activity was 
then inspected. The results are shown in Fig. 4. 
35 It was found that the enzyme according to the present invention was stable over the 
range of pH 6.5 to pH 10.0 at 30"^ for 1 hour, but the same was macdvated at pH 4.0 
and pH 11 .0 under the same conditions. 
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Example 6 /Eflfect of temperature on enzym rea^ioii) 
Aaocasein was decomposed with the en^me according to the present invention at 
various temperatures in a 67 niM phosphoric add buffir sohition (pH 7) and a 100 
mM glyctne-sodium chloride (pH 10). The reaction temperatures were changed from 
5 5^C to 70*C Furthermore, also with r^ard to a commercial^/ available enzyme, 
Savinase (Novonordisc Co., Ltd.), an influence of a tempqaiure at pH 7 was 
measured. The results are shown in Fig, 5. 

The optimal temperature of the enzyme according to the present invention at pH 
10 and pH 7 were 40^C. At a temperature of 30^, the enzyme of the present 

10 invenlbui could nuuntain about S0% of the activi^ at pH 10 and about 90% of the 
actiyityat pH7. At a temperature of 50^C, the enzyme of the present invention could 
maintain about l€% of the activity at pH 10 and about 809i of the activity at pH 7. 
The optimal temperature of commercially available Savinase was 60^» which was 
much higher as compared with that of the enzyme according to the present invention. 

18 Example 7 fTemperature stability of enzyme according to the praseni inventinii) 

The enzyme according to the present invendon whs maintatned at 10 to 60^C for 1 
hour. Thevariationofitsactivity with time is shown inF^ 6. 

The eaacymo according to the present invention was scarcely inactivated at lO^Q 
20^C and 30^C for 1 hour. However, it was inactivated at 40% to about 60% of die 

20 protease acth%, and afterward, it was gradually inactivated. Ai S(fC and 60I^C, the 
en^me was ra^dty inactivated, and it waa comfdetdy tnactzvaled in 10 ni^ 
Example g (Effect of inhibitor on enzyme according to tlie present inveodon) 
As inhibitors, tiiere were used pepstatin acting on a^mrtic protease, L-trans- 
epoaysucdnyOeuiylamido'^^guanidinobutane (Er64) and iodoacetamide acting on 

25 cysteine protease, phenyiroethancsulfoc^ fluoride (PMSF) acting on serine protease, 
l^lO-phenanthroCne and ethylenediaminetetraacctic acid (BDTA) acting on metal 
protease and metal-dependent protease. These inhibitors were added to an enzyme 
reaction system so as to become various final concentrations, and the reaction system 
was then matntatnad at 30^C for 0.5 or 1 hour to inspect the remaining protease 

30 acdinty. The residts are Aown in Table 2. 
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Th protease activity of th enzyme according to the present invention was not 
inhibited by pepstatin. L-trans^poxysuccinylieucylaiTiido-4-.guanidmobutane (E-64), 
iodoacctamidc and 1,10-phcnanthrolinc. but it was notably inhibited by 
phenyhnethanesulfoi^ fluoride (PMSF) and ethyicnediaminetctraacctic add (EDTA). 
From these results, it is impUed that the enzyme according to the present invention is 
serine protease in wfaidi an active center is serine. 

Example 9 (Substrate specifidty of protease) 
The proteolytic activities of the protease to casein, hemoglobin, albumin and gelatin as 
substrate proteins were measured by a phenol reagent method. Hic resutU are shown 
in Table 3. 



Tabic? 



(Substrate Specifidty) 



Substrate 


Specific Enzyme Activitv 


Casein 


100 


Glads 


SI 


Hemo^obin 


30 


Albunnii 


13 



The enzyme according to the present invention specifically acted on casein at a low 
temperature, and the substrate specifidty of the enzyme decreased in the order of 
gelatin, hemoglobin and •ffniwrn 

In the enzyme according to the present invention, 30 residues of die amino add 
sequence at its N temunal were detenxuned. The results are shown in SEQ ID NO: 1. 

The amino add sequence at the N terminal of the enzyme according to the present 
invention was detenninedy and its homology with known amino add sequences was 
inflected by the use of a daU bank "Entrez*. As a result, it was apparent that dien 
was no hoinoiogy. According, since the enzyme according to Ao present invention 
has no homology with any amino add sequences of known proteins; it has been 
confirmed that the enzyme according to the present invention possesses tiie novel 
amino add sequence at die N tenninal. 

List of Swufliw 

Sequence No.: 1 

Sequence length: 30 

Sequence type: Amino add 

Strandedness: Single strand 
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Topology: Linear 
Molecule type: Peptide 
Fragment type: N terminal 
Original source: 

OrgBinsta: Flavobacterium balusdnum 
Strain: P104stnin 
Sequence description: 

Asp TTu- Afg Gin Asn AU Asn Ser Aq, Asn TTir 1^ 

'5 10 15 

Gly Asn Val Thr Gly Leu Thr cay Ala Phe Aan Gly Glu Asn 
20 25 30 
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WHAT IS CLAIMED IS: 

1. A protease having about 50% or more of its maxiinum activity at 20^C. 

2. A protease having the following physicochemical properties: 

(a) specific activity and substrate specificity: the protease acts on casein, gelatin, 
hemoglobin and albunun to specifically decompose them, and the substrate specificity 
decreases in the order of casein, gelatin, hemp^obln and aUnunin; 
6 (b) optimal pH: 8.0; and 

(c) pH stability: the protease is stable in the rangp of pH 6.5 to pH 10.0 at 30*C 
for 1 hour* 

3. The protease accorduig to Oafaii 2 which fiirther has the fi>Ilomng 
phydcochemical properties: 

(d) optimal temperature: about 40^; 

(e) temperature stability: at pH 7 for 1 hour, the {mtease is scarcdy inactivated at 
6 a temperature up to 30^*0, but it is inactivated at 40^ as much as about 40% and 

completely inactivated at 50^ in about 10 mimites; and 

(f) en^me activity: the protease has about 50% or more of its maximum activity at 
20"C. 

4. The protease according to Claim 2 or 3 wherein die active center of the enzyme 
isserine. 

5. The protease aocordir^ to Claim 2 or 3 whose molecular wdght is sbout 70 
ld>a as measured by SDS-PAGE. 

6. The protease according to any one of Claims 1 to S wfaidi consists of a protein 
containing a part or all of an amino add sequence described in SEQ n> NO:l. 

7. The protease according to any one of Claiins 1 to SinAiich consists of a protein 
containing a part or all of an amino add sequence described in SEQ ID NO:l at an N 
terminaL 

A protease wUch consists of a protdn containing a part or all of an amino add 
sequence described in SEQ ID NO:l. 
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9. A protease which consists of a protein containing a p« or aU of an 
sequence described in SEQ ID NO: 1 at an N terminaL 

10. A method for preparing a protease described in aiqr one of Claims 1 to 9 
which comprises the steps of cuhuring Flavobacterium hah.«rin..m Pin^ (PERM BP- 
500^ fix- producing tbm protease described in any one of Chums 1 to 9, and then 
colIeetii« the protease desaribed in ai7 one of Oatms 1 to 9 finm its enltun medium. 

5 

11. A p^rtide which consists of a part or all of an amino add Mwpiffnce described 
inSEQIDNO:l. 

12. A protein wfaidiconqnises a part or aUofan amino add sequence described in 
SEQIDNO:!. 

13. Aprotein which comprises a part or all ofan amino add sequence described in 
5 . SEQIDNO:latitsNtenninaL 
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